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SUMMARY

TIA, like many other industry commenters in this proceeding, supported the

goal of increased spectrum efficiency in the private land mobile radio bands but

expressed reservations as to the technical and policy basis for some aspects of the

Notice's proposals. Specifically, TIA questioned the need to mandate very narrowband

(VNB) equipment at this time, encouraged the Commission to allow users to fully

amortize their existing equipment, advocated policies allowing technical flexibility,

proposed an alternative to the NPRM's reduction of height and power, and

recommended revisions to the FCC's proposals for emissions masks and frequency

stability. As discussed further in this reply, the 150 comments in this proceeding also

provide compelling evidence in support of TIA' s recommendations and suggest that

aspects of the NPRM proposals should be reconsidered.

First, the comments show universal and broad support for increasing spectrum

efficiency in the private land mobile bands. Just as clearly, the comments demonstrate

that the proposed very narrowband channelization plan may not be the optimum means

for achieving greater spectrum efficiency. Not only is the proposed migration to 5 kHz

and 6.25 kHz channelization based on the faulty premise that an interim "screwdriver

adjustment" can occur without significant cost, the suggested migration fails to

recognize or preserve the value of the existing investment in private land mobile

equipment as well as users' need for choice.

Second, many of the comparisons drawn in the comments by proponents of

VNB technology perfectly exemplify the need to develop industry-accepted metrics and
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measurement techniques when attempting to quantify the efficiency of one technology

versus another. Painfully obvious, however, is that spectral efficiency is more than

increasing the number of communications links in a band without regard to how those

links will be used and will interact with one another in a congested environment.

Third, the comments have expressed significant technical concerns about the

practical feasibility of using VNB equipment in heavily populated and
wi tadiard



proposed refarming will obsolete a $25 billion dollar investment in equipment and

herald the single largest repacking initiative ever. Depending upon how these factors

are balanced, refarming could either be an unqualified success or an unmitigated

disaster. TIA believes that adopting its proposed changes--and thereby receiving the

support of a majority of the industry--will ensure that refarming lives up to its fullest

potential.
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I. INTRODUCTION

In TIA's original comments, TIA explained that it shares the Commission's

desire to improve efficiency in the private land mobile radio spectrum, but expressed

concern that Notice proposals may not continue to satisfy the diverse needs of the

private land mobile community within these frequency bands. In particular, TIA

recommended that:

• The FCC should provide existing licensees with at least ten years before
requiring that they comply with new spectrum efficiency standards.

• It is premature to mandate the future use of 5 kHz and 6.25 kHz
channels in the VHF and UHF land mobile bands.

• Contiguous blocks of spectrum should be allocated to specific user
groups in order to promote technical flexibility.

• The public interest is served by a common channeling plan for the VHF
and UHF bands.

• The structure of power and antenna height limitations must incorporate
provisions for users' variety of coverage requirements.

• The Commission should adopt TIA's recommendations for new emission
masks and frequency stability requirements.

As discussed below, the suggestions TIA put forth to modify the Notice

proposals were supported by a majority of the commenters representing a broad cross-

section of interests, including users, frequency coordinators, and manufacturers. In

particular, commenters universally agreed that spectrum efficiency is a desirable goal,

but differed on exactly how that goal should be defined and achieved. Furthermore,

due to the absence of an industry consensus on the definition of spectrum efficiency,

commenters proposed widely-varying visions of how Refarming should occur. As
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discussed below, TIA does not favor any particular technology, and believes strongly

that the Refarming regulations should be technology-neutral. The rules should not

favor very narrowband technology to the exclusion of other potential digital

technologies, either through the use of restrictive channelizations or emissions masks.

ll. THE COMMENTS INDICATE BROAD SUPPORT FOR
SPECTRUM EFFICIENCY

Despite the cost and operational complexity of the proposed refarming, the

industry has unselfishly recognized--and supported--the need for measures to improve

spectrum efficiency in the private land mobile radio bands. Whether explicitly or

implicitly, commenters have evidenced their willingness to abandon an existing $25

billion investment of installed equipment and migrate to more efficient systems. As

discussed below, however, the comments demonstrate that the Notice's plan to increase

spectrum efficiency may impose unnecessary costs on users and needlessly disrupt

communications. Specifically, an overwhelming majority of commenters representing

the full range of land mobile interests--including all major frequency coordinators,

users and users groups, and manufacturers--object to the proposal to mandate 5 kHz

and 6.25 kHz channelizations at this time.

As an initial matter, commenters note that the Commission's proposed migration

plan is based on a faulty premise that users can modify their existing equipment

cheaply and painlessly. Commenters have documented extensively that the costs

associated with the Notice's proposed "screwdriver" adjustment to 12.5 kHz bandwidth

could be as high as $4.1 billion. Further, such "screwdriver adjustments" affect the

- 3 -



transmitter but not the receiver. Under the circumstances, critical parts of the

migration pIan require rethinking. In particular, the costs and benefits of moving to

pseudo-l2.5 kHz bandwidth equipment should be balanced against the costs and

benefits of moving directly to real 12.5 kHz equipment, especially since real 12.5 kHz

bandwidth equipment may ultimately satisfy the Commission's efficiency goals and

better meet users' needs.

In addition, questions remain on whether the transition to 5 kHz and 6.25 kHz

channels will adequately satisfy users' needs. For example, the ability of very

narrowband channels to support data communications is questionable. Furthermore,

VNB channelization is incompatible with APeO's Project 25, which is seeking to

develop standards for interoperable digital equipment operating with a 12.5 kHz

bandwidth for public safety communications. Finally, as discussed in further detail

below, the "spectral efficiency" of VNB, when measured in real terms, may not be an

improvement over 12.5 kHz equipment and, in any event, has not been proven as being

feasible in a congested radio environment. TIA notes, however, that users who wish to

employ multiple 6.25 kHz or 5 kHz emissions would be free to do so within a 12.5

kHz channel.

m. SPECTRAL EFFICIENCY GAINS MUST BE CONSIDERED IN
TERMS BEYOND COUNTING CHANNELS

Spectrum efficiency is an elusive term for which exact definitions have been

sought for several decades without full success. To the user, it means instantaneous

communication capability when needed, where needed, for as long as needed. To the

- 4-
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regulator, it means creating additional channels to accommodate additional users

without affecting the existing radio environment. To the manufacturer, it means

installing equipment with a minimum of protective measures to and from the radio

environment, i. t.. transmitters that meet the emission criteria and receivers that will

survive in the new environment. To system designers and frequency coordinators,

spectrum efficiency means maximizing the use of the spectrum given a variety of needs

and interference protection requirements. None of these views represents the full

answer yet each is a desirable goal.

TIA has been attempting to reconcile these competing definitions and concerns.

As recognized by NABER,3 the TIA Ad Hoc Committee on Spectrum Efficiency has

held meetings to identify the scope of the work and the sources of information in this

area. Committee members are presently exchanging papers and are planning a late

summer meeting to establish algorithms that hopefully will permit comparisons to be

made. To assist the Commission, coordinators, and users, TIA hopes to release a final

report detailing its efforts in January of 1994.

Even at this preliminary stage in its efforts, however, it is apparent that

spectrum efficiency is more than counting channels. Among other things, spectrum

efficiency measures involve equipment specific parameters, system specific parameters,

message dynamics and costs. The category of "equipment specific parameters"

includes factors such as bandwidth, modulation, adjacent channel protection ratios, and

co-channel carrier to interference (C/I) ratios. "System specific parameters" includes

3 See, e.g., Comments of NABER at 11.
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antenna height, antenna gain, transmitter power, transmission line features and losses

or gains in both transmit and receive mode, desired area of coverage and reliability and

whether the system operates as simplex or duplex.4 "Message dynamics" considers the

message lengths, acceptable waiting periods for various classes of users and whether

trunking or similar message access improving features are incorporated. Finally, "costs

and other economic considerations" attempts to quantify financial considerations in the

design and implementation of any radio system, which, as detailed by Association of

American Railroads in the May 1, 1993 Brown Bag Luncheon and elsewhere, are

highly important factors for most users.

The lack of a standardized approach to measuing spectrum efficiency is

illustrated by the fact that most discussions to date have generally failed to compare the

"overhead" inherent in the application of any technology. VNB systems, for example,

requires "guard bands" for filter skirts and variances of the drift and set tolerances.

On the other hand, some wideband systems require framing and synchronization, which

subtracts from the efficiency performance. Any technology that is applied to improve

spectrum efficiency has characteristics that must be considered in the complex

evaluation of efficiency, and each of these parameters requires that spectrum efficiency

be evaluated more extensively than a simple "channel count."

Also apparent from TIA's work is the danger of failing to account for any of

these factors when considering regulations based on spectrum efficiency rationales.

4 Su, e.g., Comments of UTC at 40-46; CoJIUDellts of LMCC at 14-21; Comments of NABER at
17-18,27,32. These COJIUDellten indicated the proposed IDtMna beiptleffective radiated power
limitations were in IOIDe way unsatisfactory, thus empbuiDni that nearly all parties recognize that these
two parameters significantly affect the service range of any individual station.
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For example, one commenter includes figures and charts that demonstrate methods of

comparing the efficiency of various equipment specific parameters,S but fails to

compare the CII ratio requirements of the systems and the adjacent channel protection

requirements for reasonably interference free operation between systems.

Consequently, the results fail to consider interference potential inherent in the various

modulation schemes as bandwidth is reduced by converting from constant envelope

(FM) modulation to partial or fully linear modulation, or various forms of single

sideband modulation. In other words, while it is possible to reduce the bandwidth of a

communications link, thereby deriving more communications links from a set

bandwidth, the co-channel geographic spacing for equal interference performance will

vary, and may offset the apparent gains from narrowing the communications link

bandwidth. Important regulatory decisions should not be driven by such simplistic

analysis as merely counting channels.

IV. THE COMMENTS CONTAIN SIGNIF1CANT TECHNICAL
CONCERNS WITH VERY NARROWBAND EQUIPMENT

TIA previously advocated regulatory flexibility allowing the use of any

technology that meets or exceeds the spectrum efficiency improvements that the

Commission desires to establish. In parallel with this request for flexibility, TIA

requested that no technology be mandated as the benchmark for refarming. As

discussed below, the comments support this principle of flexibility in application of

Comments of GEC-Marconi at 15.
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technology without the mandate of any specific technology as the basis for moving

forward with the Rulemaldng.

Some of the commenting parties, however, recommend that the Commission

move directly to a specific technology and offered eloquent statements of support for

their own vision and technologies. Notwithstanding the persuasive nature of these

comments, these presentations are flawed in that they portend to dictate a single

technology as a requirement for all PLMR users and frequency bands. As discussed

below, such comments need to be carefully considered with regards to the complex and

real performance demands placed on the congested PLMR market.

VNB Equipment AWlilability. Proponents of very narrowband equipment

contend that such equipment is ready and available for use today. 6 While 220 MHz

devices are being manufactured by a few companies, there is clearly not, however, a

wide proliferation of VNB equipment operating in frequency congested environments.7

Not one comment describes established field installations that replicate the heavily

congesteda n denvironmeesf e w
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states that its Real Zero Single Sideband technology can be available in the u.S. in 2-3

years.

In short, the Commission has little assurances at this date that very narrowband

equipment can proliferate in these bands and offer land mobile users the type of quality

that they expect and deserve. Of course, the Commission could place its faith in

technologists to develop suitable equipment over the next several years. This is a

dangerous course of action, however, given the imbedded investment of customer

equipment and the hostile environment of land mobile radio.

Co-Channellnt,1/,,.,nce. In response to the argument that co-channel

interference will increase with VNB deployment, commenters argue that co-channel

interference can be reduced by combining many channels at the base stations using

linear amplifiers. These comments, however, appear to confuse co-channel

interference with transmitter generated intermodulation, since use of a combining

amplifier has no impact of the receiving co-channel interferences from other

transmitters. All factors in system performance must be properly considered--and

referenced to a standard9--as part of a complete presentation on the matter.10 The

, VNB proponents have offered the Kenly Radio Technoloar Laboratory Report on Linear
Modulation (the Kenly Report) mel the Radiocommunications Aleney on Linear Modulation Report (the
Agency Report) in support of their claim that VNB technology is technically feasible for deployment in
the PLMR bands. Both of these reports, however suffer from defects. The Kenly Report, for example,
simulates am interfering lineu modulation signal as am PM sipal modulated at 400 Hz with • 1.5 kHz
deviation. While the signal is at the proper frequency, the sipal Us no AM component mel TIA
suspects that the results of the test are far more optimistic tbam results that would be received with a real
interferina signal. In addition, the Kenly Report refel'ellCe8 a -receive sensitivity- of 2 p.v. The use of a
2 p.v signal requirement would represent • noticeable degradation in system performance for users that
are accustomed to PM radio aeasitivitiee in the range of O.3~.S p.v. For. meaningful comparison, the
new technology should be COIDpU'ed in range directly with the established base technology (PM) under
specified 8NR mel BER conditions. The Agency Report, for its part, appears flawed in that it tests

(continued...)
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against existing FM land mobile systems. Without quantification and qualification, the

claim to be able to transmit 9.6 kbitls in a VNB channel is meaningless.

Indeed, the conclusion that VNB will support 9.6 kbitls data rates is also

difficult to reconcile with the data in the Radiocommunications Agency on Linear

Modulation Report. This indicated that the higher data rate (4.8 kbps) performance

was significantly degraded when compared with 4.8 kbps data on a 12.5 kHz FM

channel.

Sensitivity to Impulse Noise. VNB proponents claimed a reduced sensitivity to

impulse noise and offered measured data in support. TlA notes, however, that while

the claimed reduction may be valid in a linear system where the impulse noise is

maintained at levels low enough to be within the linear operation of receiver

components, this situation can be expected only part of the time in the land mobile

environment. Since the comments do not specify a measurement method, higher level

impulse performance analysis is absent from the comments. The physics of electronics

would generally imply, however, that when the impulse level is strong enough to

saturate the receiver amplifiers or fllters, the recovery time (from saturation) will

dominate, with more narrowband systems taking proportionately longer to recover. In

the absence of complete information covering range of real impulse noises encountered

in land mobile operations, the FCC cannot make a rational decision on the matter.
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Feasibility 01 Trullldng. The VNB comments generally did not address the

acquisition time needed to lock onto the reference tone which establishes synchronous

detection for trunking on a very narrowband system. Fast acquisition time, however,

is a significant factor for many of TIA's member manufacturer's customers. Again,

while TIA takes no technology position for or against any technology, this issue is yet

another example of the need to consider practical system performance beyond

equipment specifications. TIA offers that for a complete comparison of any new

technology, the system's complete metrics should also be included as well as

comparisons of performance established against the 12 million unit installed base of 25

kHz and 30 kHz equipment. For example, when one considers applications of trunking

to the VNB offerings, the metrics of the reference tone detect time, the synchronous

detect time, the selective signalling detect time, and the trunking channel access time

must all be considered if users can tolerate the cumulative time delay in accessing a

channel.

• • • •

While TIA does not wish to create a debate on the merits of anyone

technology, the issues detailed above perfectly exemplify the need to create industry

accepted measurement procedures and metrics prior to giving serious consideration to

any unproven technology. TIA has created a Technology Compatibility Committee in

the Mobile and Personal Communications Section to address this very important task.

The Committee will attempt to resolve procedural differences in measurement

techniques and develop and issue procedures and practices for measurement of
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compatibilities and/or incompatibilities and interferences between the various

technologies that are being offered to achieve the Refanning objectives. ll

TIA believes that the FCC should carefully investigate how VNB is operating

today before uprooting a $25 billion infrastructure of PLMR equipment. Flexibility

was a message that was echoed throughout a large majority of the comments. By

adopting very narrowband channels which limit the technology, rather than a particular

spectral efficiency, the Commission would eliminate the flexibility needed by the

industry as a whole without any assurance that the end result would be improved

efficiency.

v. mE FCC SHOULD ADOPr mE TIA RECOMMENDATIONS
FOR FREQUENCY STABll..ITY AND EMISSIONS LIMITATIONS

In its opening comments, the TIA provided the FCC with alternative proposals

for frequency stability and emission limitations for both 12.5 kHz and 6.25 kHz

transmissions.12 TIA noted that its proposals are derived from committee work

performed by various manufacturers in APeD's Project 25. TIA's proposals are

intended to provide a graceful transition from present day equipment to advanced 12.5

kHz digital and analog equipment while also supporting the optional use of 6.25 kHz

11 We Ul'Je the Commi8Iion to join the activities of this Tecluaolo,y Compatibility Committee, if
not as an active participant, then at least to the extent that the Commission utilize the output of this
Committee as reference procedures in measurement and control of the application of new technologies.

12 Comments ofTIA at 21.
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equipment. Comments submitted by major equipment manufacturers supported the

proposals contained in the TIA comments.13

TIA is awaiting further industry reaction to its proposals and will provide any

necessary documentation and justification after it reviews the reply comments to be

filed in this proceeding. At this time, TIA merely reiterates its strong recommendation

that the Commission adopt the alternative technical standards for frequency stability and

emissions limitations. It is the consensus opinion of the manufacturers participating in

the TIA that these recommendations will provide sufficient interference protection to

adjacent channel operations in a cost effective manner. More importantly, the

standards are technically neutral and would support a variety of land mobile

transmission schemes including both analog and digital modulations. TIA believes that

such flexibility is imperative if manufacturers are to satisfy the diverse needs of the

private land mobile user community.

VI. THE FCC SHOULD ADOPf THE RECOMMENDED
HEIGHTIPOWER TAB~

In its original comments, TIA recommended regulations governing height and

power for private land mobile licensees. Specifically, TIA proposed to allow frequency

coordinators more authority to review the technical configuration of newly proposed

facilities, while guaranteeing users a minimum "safe harbor" of height and power

maximums set forth in a new table. TIA's recommendations were developed in

13 See, e.g., Comments of Motorola, Inc.; Comments of E.F. Johnson.
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conjunction with LMCC and represent the input of a broad cross-section of the land

mobile community. Consequently, as anticipated, there was broad support among the

commenters for TIA's recommendations.

TIA's comments, and the comments of a number of other filers, documented the

high costs associated with inflexible height and power requirements for private land

mobile users. For example, TIA and others noted that rigid adherence to a model of

low-power operations would require many users to deploy additional facilities under the

new rules to retain their existing coverage, a result that will entail costs in

coordination, site acquisition, site zoning and use approval, construction, new

equipment, and additional maintenance. It was also observed that such new facilities

may actually decrease spectrum efficiency by having a broader preclusive effect on

other facilities and requiring the deployment of additional microwave facilities to

interconnect sites.

Moreover, the comments also show that use of excessive power is not

widespread. In fact, the comments document a wide variety of instances where

licensees utilize high power facilities for entirely legitimate purposes. The most

compelling, of course, is the need to provide inexpensive coverage over a prescribed

area for those licensees, such as police and fire users, that require the ubiquitous ability

to communicate throughout a political division. High power facilities also improve

coverage in areas where propagation is limited by terrain factors. Obviously, licensees

have made good use of the flexibility inherent in the FCC's rules without significant

and egregious instances of abuse.
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Under the circumstances, TIA believes that its proposal for a revised format of

height/power tables best meets the needs of the land mobile industry. TIA

consequently urges the FCC to reconsider its proposal and to instead adopt the TIA

recommendation. TIA's plan appropriately encourages the use of lower power

facilities, thereby increasing spectrum efficiency, without limiting the flexibility of

licensees.

vn. THE COMMENTS CONTAIN ALMOST UNIVERSAL
OPPOSmON TO THE INNOVATOR BWCK PROPOSAL

Of the commenters discussing the issue, opposition to the Notice's proposal to

create "innovator blocks" was almost universal. In most cases, the opposition was

centered on the issue of the proper use of channels created through refarrning, with

most commenters arguing that such channels should be retained by the service pool

previously licensed to utilize the frequencies. While the issue of the ultimate

disposition of these channels into the relevant pools is inextricably tied to proposals to

modify the pool allocation policies generally, these comments raise several valid points.

First, by creating "innovator" channels between otherwise contiguous channels

in a pool block, the Commission is further fragmenting the use of the spectrum. This

prevents licensees, for example, from aggregating channels to make use of broader

bandwidth technology. Mixing channels also may mandate locating relatively

incompatible uses adjacent to each other, whereas before such uses could, to a degree,

be isolated by pool or within pools by frequency coordinators. This is a special

problem for public safety users, whose communications require special considerations.
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Second, the proposal creates the entirely uneconomic result of existing private

users funding an equipment changeout to free spectrum for commercial licensees. In

the Commission's Emerging Technologies proceeding, exactly the opposite result was

mandated, and prospective commercial PCS licensees are being required to pay the

relocation and equipment upgrade costs to move private licensees into higher spectrum

bands. Under the circumstances, the Commission should reconsider the proposal to

create innovator blocks within private spectrum.

VIll. THE WORLD IS PROGRESSING TO DIGITAL

During the past three to four years, the PLM industry, users, and manufacturers

have made a major investment in technologies, developing plans and equipment that

will ensure the orderly migration from analog to digital technology. It is imperative

that the Commission, through its rule making, support this marketplace migration to

digital systems with a basic 12.5 kHz channel bandwidth plan and technical flexibility

rules that would allow wider bandwidth (e.g., 25 kHz) where greater information

throughput is required and where channel exclusivity can be established. As discussed

below, if the Commission were to establish a very narrowband plan (e.g., 6.25/5 kHz)

at this time it would place primary emphasis on analog voice systems and seriously

jeopardize the future viability of the U.S. private land mobile industry.

From laptop computers to compact discs, from advanced television to cellular

radio, the worldwide electronics industry is migrating to digital technology. Indeed, all

major global wireless communications initiatives are digital. In Japan, for example,
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Ensuring that domestic initiatives are supported is critical to the competitiveness

of U.S. manufacturers. Electronics is a global industry. Domestic electronics

companies cannot sustain themselves in a local market if they fail to compete globally.

Leading edge technology and products will be developed in countries and regions which

provide the most conducive environment. Trunking technology and SMR's were

enabled by the 800 MHz frequency allocations in the U.S. and is now a global

industry. An equally conducive environment is required for U.S. electronics and

communications companies to take the lead in the conversion from analog to digital

land systems.

A recent example of this progression to digital is the leadership shown by the

U.S. decision during the advanced television (ATV) standard setting process to take an

immediate step to digital television rather than to continue to invest in analog systems

as was the case for both Japan and Europe. The significance of this decision has been

confirmed by the increasing involvement of the computer and telecommunications

industries in the ATV standards setting process. All participants recognize that these

efforts may well establish the standards for the next generation interactive multimedia

home terminal. Meanwhile, one of the ATV proponents, NHK of Japan, withdrew its

proposed narrowband version of that country's analog MUSE system from

consideration. NHK took this action after it became clear the Japanese concept had no

chance to be adopted in the United States. Japan is now faced with a decision to

continue with an analog system in Japan in which it has made a major investment,
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while at the same time to initiate efforts in digital ATV for the U.S. and possibly

European markets.

IX. CONCLUSION

As TIA noted in its original comments, the Commission's refarming proceeding

is a needed, but ambitious, review of the technical parameters affecting the private land

mobile services. The comments fully support proposed regulatory actions improving

the quality of service for existing users, while at the same time, providing new

spectrum opportunities for manufacturers and future users. However, TIA, and others,

urge the Commission to consider the costs associated with refarming heavily populated

frequency bands and the practical realities of mandating very narrow bandwidths which

focus on specific technologies rather than efficiency.
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